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Chemical Structure and- Processing of Coal
George Richard Hill and Lloyd B. Lyon
Fuels Engineering Department, University of Utah
Salt Lake City, Utah. :

) During the past several years, much excellent work has been
! done which contributes to a more complete knowledge of the basic

structure of coal. Smirnov (1) states in a comprehensive review

article that there has been a development and deepening of our
knowledge of coal structure, an increase in the numbter of in-
vestigations and a broadening of the circle of scientists from
different countries occupied with these questions.

: The Model for High Volatile Bituminous coal, suggested in
Figure 1, takes into account the major observations reported in
the literature as well as observations made in our laboratory (2).

The model suggests that coal consists of large heterocyclic

{ nuclei (with alkyl side chains) monomers, held together by the
three dimensional C-C groups suggested by Friedel {3), the func-
tional oxygen groups of Van Krevelen (4), and the ether bonds of
Kukharenko {1), Roy (5), Blom (6), Brooks (7) and Orchin and
Storch (8, 9, 10, 11). Sulfur is interchangeable with oxygen

: in some structures and the close relationship between the chemical

) properties of similar fractions suggests that sulfur and oxygen

may be present in linking units. All researchers seem to agree
that nitrogen occurs mainly in the heterocyclic ring structures.
(12).

The functional oxygen groups in coal are best presented by
Blom, Edelhausen, and Van Krevelen in their functional oxygen
group diagram (6). Van Krevelen’s method of calculating the
functional oxygen groups by the amount of water, carbon dioxide
and carbon monoxide derived from primary czrbonization was applied
to thé gases obtained from low temperature carbonization of a
Utah semi-coking coal (13). The results are as follow: OH =
6.4 to 7.8%, COOH = 0.5 to 1.0%4, -0~ and C =0 = 1,3 to 2.6%.
These percentages agree with the proposed model. )

gk

! The nature of the "hydrocarbon" components of the coal
structure has been discussed by Nelson (14). His evaluation of
the work of Frolich and Fulton on coals heated to temperatures of

! 730°F to 1100°F is the partial basis for concluding that long
chain, simple, aliphatic and alicyclic hydrccarbons groups pre-
dominate in the coal structure. Other evidence is found in the

! work of Goodman, Gomez and Parry (15, 16) who find high yields

- of olefins and paraffins in their low temperature carbonization
distillates. The amount of olefins found in low temperature
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tars may be as high as 50% of the neutral oil yield. . Olefins
and paraffins combined in -a typical sample of distillate from a
high volatile -bituminous B coal from Spring Canyon Utah totalled
64% (Ibid.) :

The normal and isoparaffin content of low tedperature tars
is reported by Lewis. He identified C9 to Cy; normal paraffins
and C1Q to C17 isoparaffins in the products of low temperature
distillation %17). '

A sample of crystalline hydrocarbon from low temperature
carbonization was furnished our laboratory by the Pacific Chemi-
cal Company of Wellington, Utah. The material had been assumed~
to be a pure aromatic fraction; infra-red analysis and other tests
demonstrated it to be essentially a C;g paraffin. The total dis-
tiilate from this operation was atypical of coal tars; it resembled
a waxy gas-oil-creédsote o0il mixture and was reddish-brown in color.
Apparently little secondary cracking and polymerization had occur-
red in the process of its formation.

Friedel and Queiser, by ultra-violet and visible spectra
studies concluded that aliphatic groups rather than poly nuclear
condensed aromatics predominate in the coal structure (3.12).Given
(18) and Brown (19, 20) present evidence for polycondensed aro-
matics. It may be that coals can vary in the relative amounts
of hydrocarbon class constituents as do different crude oils.

The structures tying together the components constituting

- coal are considered by Given (18), Van Krevelen (1, 21, 22, 23) .
- and Dryden (24) to be principally aliphatic (methylene) bridges.
Friedel and Queiser (33 believe that tetrahedral bonds are the
¢ross linking units required to give coal its threé dimensional -
structure.. Brown et al., from nuclear magnetic resonance studies
and from infra-red studies on coal distillates, found little
evidence for methylene bridge carbons (19, 20). The structure
proposed in the present paper conforms to these observations.

There seems to be a general belief that the larger the
organic molecule the more complex it becomes. This belief is
probably a logical consequencé of the incréase in-the number of
theoretically possible isomers with increase in molecular  weight
and the difficulty of separating the large molecules. However,
Hood and associates from mass spectrometric studies of heavy dis-
tillates of petroleum (e.g. C;9-C4p oils and waxes) during the
past sevéral years present a different picture. They find the
molecules contain essentially one long carbon-atom chain, to one
or both ends of which a ring system or short branch may be
attached. 1In paraffin waxes the molecules are predominantly n-—
alkanes along with some slightly branched iso-alkanes, cycloalkanes,
and even traces of aromatics. In lubricating oils, the isoalkanes
have slightly longer branches, and the monocycloalkanes and mono-
-aromatics have several short methyl branches on the ring.
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Polyaromatics generally appear to have all of their aromatic
rings in a single condensed nucleus. Similarly, mass spectral
evidence for polycyclic saturates suggests molecules with a
condensed ring system at one end of a chain, but the interpre-
tations are less clear and cannot yet exclude the possibility of
a ring systems at both ends. Although it is recognized that a
small percentage of complex molecules might be present, the authors
congider the new picture to be one which, in general, is repre-
sentative of the distillate range of petroleum (< C40) (25).

This concept of simplicity and lack of isomers of large molecules
is probably true in the basic structure of co2l as well. In
coal the large condensed nuclei are hetrocyclics with the same
simple aliphatic side chains.

Structure and Distillation

From the work of Orchin, Storch and associates (9, 10, 11, 26),
Franke, Crowley and Elder (27), Gomez, Goodman and Parcy (15, 16),
Berkowitz (28, 29) and Van Krévelen and assdociates (4), it can be
seen that the yield of liquids from coal distillation is dependent
upon the basic structure of the coal, particularly the functional
groups, and the process used to convert the coal into liquids
and coke. It has been observed that distillation under moderate
pressures of hydrogen eliminates the oxygen bridges,; increases
th§ liquid yield and also increases coke quality (9, 10, 11, 26,
27).

It is apparent that total hydrogenation of coal is uneconomic.
However, a distillation process in which the hydrogen rich portions
of the coal are retained as relatively low molecular weight hydro-—
carbons by hydrogenation in the presence of suitable catalysts
might be worth considering.

Most investigators agree that the functional oxygen and sul-
fur groups control the yield of liquid products from coal. Van
Krevelen states that the secondary reactions (polymerization to
high molecular weight products) are especially noticeable with
phenolic model materials. The cleaving of non-hydrocarbon bonds
such as those of nitrogen, oxygen and sulfur, by hydrogen treating
methods has recently become well established in the petroleum
industry. For example, Blue and Spurlock have worked with cobalt
molybdenum catalysts (30). Commercial catalytic hydrocracking
methods includé the Gulf HDS process (31), the Union 0il Uni-
cracking process (32), the Standard 0il of California Isocracking
process and the Universal 0il Lomax process, among others. The
trend of increased hydrogen processing in industry has been dis-
cussed by Olson and Schneider (33) who mention hydrocracking of
residual oils, hydrogenation of shale oil and gilsonite, hydro-
genation of low gravity, high sulfur crudes and hydrogenation of
aromatics to form superior jet fuels.



Some of these methods have been and are being applied to.
coal and to coal liquids (9, 27, 34) for the removal of the
functional cross bonding groups for the production of maximum
yields of liquids and of high quality coke. Van Krevelen for
example, has worked on model material pyrolysis using the hydro-

gen donor materials suggested by Orchin and Storch to increase

liquid yields and to minimize the polymerization-condensation
reactions promoted by hydroxyl groups (4). The Varga process
(35) and the Lozovoi process (36) are two additional examples of
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the use of hydrocracking techniques to produce high octane gasoline

and other liquids from coal, primary tars, shale oil and high
asphalt crude o0il residues. Catalytic methods discussed by
Flinn (37), ‘Haensel (38) and Topchiev (39) are applicable to coal
and coal 11qu1ds.

The high liquid yields made possible by hydrocracking—
hydrotreating distillation of high volatile coals plus the
marketability of the residual coke make it apparent that there
will be a smooth and gradual transitii on from conventional petro—
leum refining to coal refining as the economic picture becomes
favorable.
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Typica. Cross Bonoep STRucTurRe oF HiGH VoLATILE COALS

cs i cs on
s too ¢bo

(High Volatile Coal Analyses)

Hm 4t08% by wi.
C= 7010 93%by wt.-
N=51t02% « ®m
S=:510 3% + =
0=7 to24%"

RAN= glicyclics of ncorbons.
AN=hydrooromatics of ncorbans.
RN=aliphgtic side choin of Ncorbons

CROSS BONDING TO MORE C.B.=cross bonding by O or»S to new
HETEROCYCLIC GROUPS heterocychc groups with long
side choins.
PROPOSED MODEL T=tetranedral 3 dimensionai CC bonds.
Fig 1 -Q hon nd C-S bonds.






